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The present iavencion relates to the manufacture of 
implements and tools, such as grinding, cutting, or boring 
tools, which have diamond po'.vder containing surfaces. 
Such tools usually comprise a carrier member of any 
suitable metal, such as steel, and a working surface where- 
in the diamond particles arc embedded in a bonding 
material. 

Synthetic resin lacquers have been used as bonding 
material for the diamond panicles but bending metals, 
such as copper and copper alloys, steel and steel alloys, 
or high-melting meials, such as tungsten and tungsten 
alloys, are preferred. In this case, the diamond particies 
are usually embedded in the bonding metal with the 
siniulcaneous application of heat and superatmospheric 
pressures. In this manner, the diamond particles are set 
in the bonding metal by being enveloped thereby with- 
out an actual adhesion between diamond and metal in 
the form of a solder being achieved. This is probably 
due to the fact that ihe known bonding materials do not 
or only insufficiently wet the surfaces ot the diamond 
particles since diamonds have a peculiar surface activity 
characteristic. 

It is o.nc object of the present invention lo provide 
diamond implements and tools which are characterized 
by a highly satisfactory bond between diamond particles 
and carrier surface. 

Another object of the present invention is to provide 
a simple and effective process of producing such dia- 
mond implements and tools. 

Other objects of the present invention and advan- 
tageous features thereof will become apparent as the 
description proceeds. 

According to the present invention it has now been 
found that the above mentioned high surface activity 
of diamonds may be so influenced by the presence of the 
highly active titanium and ziroconium metals that known 
low-melting bonding metals, such as copper, noble me- 
tals, and their alloys, adhere well to the diamond par- 
ticles and a true adsorption bond i s formed therebetween. 

Accordingly, Titamum ana/ or ^rconium are incor- 
porated into the tool surface layer comprising diamond 
particles and the bonding metal. Preferred bonding 
metals include silver, copper, silver-copper alloys, and 
silver-indium alloys. V/hile any suitable grain size of 
diamond may be used, a srain size exceeding about IC** 
is preferred. 

In certain operations, for instance, the grinding of 
large surfaces or particularly high-<iuality polishing, a 
very dense diamond content in the surface layer of the 
tool may produce excessive material removal and cor- 
responding disHguremcnt of the surface layer. Since it 
m.ay not be possible in the manufacture of the surface 
layers to reduce the diamond content substantially be- 
cause the diamond particles may otherwise be floated 
away by the molten bonding metal and the capillary 
forces between the particles would become too small, 
there is substituted, according to one embodiment of the 
invention, a portion of the diamond particles by corun- 
dum particles, i.e. aluminum o.xide particles. This does 
not substantially change the particle density of the sur- 
face layer and products a working surface particularly 



useful for the grinding of layer areas or high surface 
polishes. 

According to a preferred embodiment, a mixture of 
about equal parts of diamond and corundum particles 
/; may be used but this ratio may obviously be varied with- 
in large limits, depending on the particular purpose of the 
tool. 

According to a preferred embodiment of the manu- 
facturing method of this invention, a fluid lacquer layer 

IQ containing a finely distributed powder of titanium and/or 
zirconium is applied to a metallic tool carrier, for in- 
stance, of steel. The lacquer may consist of any suitable 
natural resin, such as shellac. Before the fluid lacquer 
layer has completely dried, a layer of diamond particles 

13 of suitable grain size is applied to the still tacky lacquer 
layer, for instance, by being sprayed thereon. The dia- 
mond particle layer may have any suitable thickness, 
for instance, a thickness of 0.2 mm. to OJ mm. If a 
very fine-grained diamond powder is used, it may be 

20 incorporated into the lacquer layer, together with the 
titanium and/or zirconium powder. A like lacquer layer 
containing titanium and/or zircotiium is then applied 
for instance, by spraying, to the first lacquer layer to 
cover the diamond particle layer. After the lacquer layers 

2j have dried, a sheet or powder layer of the bonding 
metal is applied over the second lacquer layer, and the 
bonding metal layer is heated slightly above the melting 
point of the bonding metal. This is done preferably 
after degassing and in a high vacuum furnace at approxi- 

30 mate pressure of about 10-^ to 10-' torr. 

During melting, the bonding metal fir st passes through 
the subjacent titanium and/or zirconium layer, wets the 
jdiamond particles, passes through the first titanium'ana/or' 
^ UBiuum lay e r and z -'fl nally, is bonded or soldered to the 

Zj metallic carrier of the tool, filling the interspaces between 
the diamond particles in the surface layer. 

If several diamond layers are desired, another titanium 
and/or zirconium containing lacquer, diamond particles, . 
titanium and/or zirconium lacquer, and bonding metal 

40 layer may be applied before heating, and so forth. 

The titanium and/or zirconium addition to the sur- 
face la>*cr greatly increases the wettability of the diamond 
particles and thus produces a much stronger embedding 
of the panicles in the bonding metal. At the same time, 

*5 it makes it possible to use much less bonding metal than 
heretofore needed and correspondingly increases the pos- 
sible density of the diamond layer. Tool surface layers 
produced according to the present invention with an in- 
corporation of titanium and/or zirconium have a carat 
ntjo of 1 : 3 compared to conventional surfaces of this 
. typ^f i.e. they contain three times the amount of diamond 
particles. Even if corundum particles are added, the 
diamond content e.xceeds that of conventional tool sur- 
faces of this type. 

^•5 Such tools accordingly have a much longer operating 
life and much higher cutting or grinding power than con- 
ventional tools. They are, therefore, particularly use- 
ful for working on very hard materials, such as oxidic 
csramic articles. 

CO The manufacturing method is particularly simple. In 
conventional processes, the diamond powder and bond- 
ing metal were usually pressed together in a mold and 
then heated under pressure in a sintering action. Also, 
it was difficult to apply dense diamond layers to a thin 
carrier because the bonding metal was insufficient in such 
cases. These and other disadvantages are overcome by 
the present method and even oddly configurated tools, 
grinding bodies, grinding rods, and thin discs may be very 
simply and efficiently covered with the surface layers ac- 
cording to this invention. 
The very much dcn-er diamond layer produced by the 
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invent! oa makes it possible to remove much more mate- 
rial ^with such a tool in the same unit of time than was 
possible with grinding tools of the prior art. If corun- 
dum is added, it is used up more rapidly than the harder 
diamond so that the diamond particle edges are always 
laid free and no slurring of the tool surface occurs but 
it retains its effectiveness. Thus, a tool surface layer 
with a 1:1 mixture of diamond and corundum particles 
has a two- to three-times longer operating h*fc than a 
conventional tool with the same amount of diamonds. 

The following examples will illustrate the practice of 
the invention: 

Example 1 

A steel disc of 150 mm. diameter was covered with 
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sive, in the composition of the bonding metal, in the 
bonding temperature and duration, and the like may be 
made in accordance with the principles set forth herein 
and in the claims annexed hereto. 
5 I claim: 

I, In a method of producing a tool surface layer com- 
prising diamond particles embedded in a bonding metal, 
the steps of applying a fluid lacquer layer containing a 
finely distributed powder of at least one metal selected 
10 from the group consisting of titanium and zirconium on 
a metallic carrier, applying a layer of diamond particles 
on the fluid lacquer layer before it has dried, applying 
another one of said lacquer layers over the layer of dia- 
mond particles, placing a layer of said bonding metal 



a 0.C2 mm. lacquer layer consisting of shellac, having ^5 over said other lacquer layer, and heating the layer of 



0.25 g. of titanium powder of a particle size between 
about 5ai and about 30^ finely distributed therethrough. 
After the lacquer layer was sprayed onto the disc, it was 
permitted to stand for 0.3 minute, ac which time it was 
still tacky. Diamond particles having an average grain 
size between about 80m and about 120jti were sprayed 
onto the tacky layer to produce a diamond layer of 0.2 
mm. thickness. Thereupon, a like lacquer layer was 

sprayed onto the diamond layer and the same was per- , , 

mitted to dry. A 0.1 mm. layer of a silver-indium alloy steps of degassing the surface layer before heating and 



bonding metai above the melting point of the bonding 
metal. 

2. The method of claim 1, wherein the bonding metal 
is selected from the gfoup of silver, copper, silver-copper 
alloys, and silver-indium alloys. 

3. The method of claim 2, wherein the bonding metal 
is a silver-indium alloy melting at about 890* C. and 
the layer of the bonding metal is heated to about 900* C. 

4. The method of claim 1, comprising the additional 



powder was sprayed onto the dry lacquer layer, the alloy 
containing 90 parts silver and 10 parts indium. The disc 
was now placed into a vacuum furnace where it was heated 
for 2 minutes to a temperature of 900" C. under a vacu- 
um of 10-^ torr. 

Examples 2 and 3 

The above procedure was repeated, except that a mix- 
ture of equal parts of titanium and zirconium were used 



then heating in a high vacuum. 

5. The method of claim 1, further comprising the step 
of adding corundum particles to the diamond particle 
layer. 

6. In a method of producing a tool surface layer com- 
prising diamond particles embedded in a bonding metals 
the steps of applying a fluid lacquer layer containing a 
finely distributed powder of diamond particles and of at 



in the lacquer and in another experiment with the substi- 33 ^^i^^' ^I^^J^^^ ■''^ 

tution of zirconium alone for the titanium. T^^Z^^tff^^^^J^-.l , f^*!' /^^'^^ 

a nuia lacquer layer contauung a finely distnbuted powder 

Examples 4 to 6 



Also, these processes were duplicated with the use of 



of at least one of the metals recited above, placing a 
layer of said bonding metal over said layer, and heating 
the layer of bonding metal above the melting point of 



silver, copper, and sUver-copper alloy as bonding metals, 40 "XT u^- oonaing raetat aoo^ 
the heating temperatures being changed, respectively, to ^% bonding metal. 
1000' C, 1100* C, and 800* C. 7. In the method of claun 6, 



Example 7 

Example I was repeated unchanged, but a mixture 43 
of equal parts of diamond and corundum particles was 
used for the brasive layer. 

In place of corundum as used in the preceding exam- 
ple, there may be added other additive particles to reduce 



further comprising the 
step of adding corundum particles to the diamond particle 
layer. 

3. In a method of producing a tool surface layer, the 
steps of applying a first fluid lacquer layer containing a 
finely distributed powder of at least one metal selected 
from the group consisting of titanium and zirconium on 
a metallic carrier, applying a layer of diamond particles 



the number of diamond particles in the layer. Preferably 50 "^"^ l&cqxicr layer before it has dried, applying 



such additives are added which also have abrasive prop- 
erties, the edges of which, however, are more rapidly 
ground down and used up than those of the diamond par- 
ticles. Such other additives are, for instance, silicon 



another one of said lacquer layers over the layer of 
diamond particles, placing a layer of a bonding metal 
selected from the group consisting of silver, copper, silver- 
cof^r alloys, and silver-indium alloys over said other 



carbide and boron carbide. The preferred abrasive addi- 53 If^^'i^i^iX^i^P^^*!^?,?"^^^ lacquer, dia- 

tivc is corundum which, due to its light color, docs not — *-< 
cause dark-coloring of the articles worked on. This is 
of particular value in the working of sintered materials 
composed of or containing aluminum oxide. As stated 
above, these additives are used in a ratio of equal parts 80 
of diamond and additive particles bur, as in the case of 
corundum, this ratio may be varied within large limits, 
depending on the particular purpose of the tool and im- 
plement. 

Example 8 

Example 1 was repeated whereby, however, a mixture 
of 30 parts of diamond particles and 70 parts of silicon 
carbide was wSed for the abrasive layer. 

Of course, many changes and variations in the composi- 
tion of the lacquers used, in the amounts and particle 
size of titanium and/or zirconium metal employed as 
bonding aid, in the amounts and particle sizes of the 
diamond and, if required, aluminum oxide used as abra- 
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TO 



mood particles, lacquer, and said bonding metal layers 
over the first bonding metal layer, and heating the layers 
of bonding metals above the melting point of the bonding 
metal. 

9. The method of claim 1 in which part of said diamond 
particles is replaced by particles of a hardness lower than 
that of diamond selected from the group consisting of 
corundum, silicon carbide, boron carbide, and aluminum 
oxide. 

10. The method of claim 6 in which part of the diamond 
particles are replaced by particles of a hardness lower 
than that of diaiixond selected from the group consisting 
of corundum, silicon carbide, boron carbide, and alumi- 
num oxide. 
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